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"GRAFOIL" GRAPHITE TAPE - ITS MANUFACTURE. PROPERTIES AND USES 

Joseph F. Revi lock 

Union Carbide C o r p o r a t i o n ,  Carbon Products  D i v i s i o n ,  N e w  York, N .  y .  

S W R Y  

This paper  w i l l  d e s c r i b e  a new form o f  g r a p h i t e  - GRAFOIL g r a p h i t e  t a p e ,  paper-  
l i k e  i n  s t r u c t u r e  and h a v i n g  unusual  p r o p e r t i e s  i n c l u d i n g  a h igh  degree  pf  
f l e x i b i l i t y  and c o m p r e s s i b i l i t y .  The paper  w i l l  d i s c u s s  b r i e f l y  t h e  manufacture  
o f  GRAFOIL tape p r o d u c t s ,  t h e i r  p r o p e r t i e s  and t h e i r  u s e s  i n  r e s e a r c h  and 
development and i n  chemica l  and o t h e r  i n d u s t r i a l  a p p l i c a t i o n s .  

MANUFACTURE 

GRAFOIL is  Union C a r b i d e ' s  t r a d e  mark for g r a p h i t e  t a p e  which is made up o f  
i n t e r l o c k i n g  and s e l f - a d h e r i n g  g r a p h i t e  p a r t i c l e s .  
a g e n t s  such as a d h e s i v e s ,  r e s i n s  o r  rubber  compounds. The p a r t i c l e s  and t h e  
l a y e r s  which give t h e  t a p e  a laminar  s t r u c t u r e  through i t s  t h i c k n e s s  are h e l d  
t o g e t h e r  by Van d e r  Waal f o r c e s .  GRAFOIL g r a p h i t e  t a p e  is  manufactured by a 
p a t e n t e d  process  i n  which g r a p h i t e  p a r t i c l e s  are r o l l e d  i n t o  s h e e t s  .005 or .010 
i n c h e s  i n  t h i c k n e s s .  These 5 and 10  m i l  t h i c k  t a p e s  are f l e x i b l e  as can  b e  seen 
by t h e  s p i r a l  i n  F i g u r e  I. The normal d e n s i t y  o f  t h e  t a p e  i s  70-75 pounds per  
c u b i c  f o o t ,  and by v a r y i n g  t h e  r o l l i n g  p r e s s u r e ,  t h e  d e n s i t y  of  t h e  t a p e  can be  
c o n t r o l l e d  down t o  12 pounds p e r  c u b i c  f o o t .  

From t h e s e  b a s i c  g r a p h i t e  t a p e  forms, GRAFOIL lamina tes  (F igure  I) are made by 
cementing l a y e r s  o f  t a p e  t o g e t h e r  w i t h  a r e s i n  cement which is  then  carbonized  
w h i l e  t h e  laminate  is h e l d  under  p r e s s u r e .  As t h e  t h i c k n e s s  o f  t h e s e  lamina tes  
i n c r e a s e ,  t h e  f l e x i b i l i t y  c h a r a c t e r i s t i c  o f  t h e  GRAFOIL t a p e  d e c r e a s e s .  However, 
t h e y  are s t i l l  f l e x i b l e  compared t o  s o l i d  g r a p h i t e  and they  are s t i l l  compressible .  

Two o t h e r  forms of  GRAFOIL t a p e  i l l u s t r a t e d  i n  F igure  I are foam and molded forms, 
made by compressing g r a p h i t e  p a r t i c l e s  i n  a mold under p r e s s u r e .  
is s t r i c t l y  a p a r t i c l e  s u r f a c e  phenomenom, no bonding a g e n t s  be ing  used.  
materials are l i g h t ,  h a v i n g  a d e n s i t y  i n  t h e  range  of  3 t o  6 pounds p e r  c u b i c  
f o o t ,  whereas t h e  molded m a t e r i a l s  have d e n s i t i e s  i n  t h e  range  o f  70 t o  100 pounds 
p e r  c u b i c  foot, depending on t h e i r  c o n f i g u r a t i o n  and end use .  

The t a p e  c o n t a i n s  no bonding 

Again the bond 
Foam 

PROPERTIES 

The p h y s i c a l  p r o p e r t i e s  of GRAFOIL t a p e  are shown i n  Table  I .  A s  can  be seen  from 
t h e  d a t a ,  GRAFOIL t a p e  h a s  a r e l a t i v e l y  h igh  t e n s i l e  s t r e n g t h  f o r  g r a p h i t e  m a t e r i a l .  
Compressive s t r e n g t h  i s  more than  adequate  f o r  most a p p l i c a t i o n s .  The low 
p e r m e a b i l i t y  of  GRAFOIL t a p e  is shown by i t s  hel ium admi t tance  o f  2 x 
s q .  cm./sec. ,  which is  comparable  t o  t h a t  o f  c a s t  b r a s s .  
g r a p h i t e s  have a d m i t t a n c e s  of  lo2 t o  l o 3  sq. cm./sec. ,  w h i l e  premium g r a p h i t e s  have 
he l ium admi t tances  i n  t h e  r a n g e  o f  10-2 sq.  cm./sec.) 

(Convent ional  ex t ruded  
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TABLE I 

PROPERTIES OF "GRAFOIL" TAPE 

Property Approximate Value 

I 

i 

, 

Bulk Density (lb./cu.ft.) 60-80 

Ash Content (Weight X )  0.1 

Melting Point 

Tensile strength (surface plane or ''a" 
direct ion) (lb . /sq/ in. ) 

Does not melt; sublimes 
at 6600°F 

1500-2500 

Elastic Modulus, Tensile (lo6 lb./sq.in.) 

Helium Admittance: 0.005 in. thick foil (sq. cm./sec.) 2 10-4 
laminated bodies (sq. cm./sec .) 5 10-5 

0.2 

15,000 Ultimate Compressive Strength (lb ./sq. in.) 

Coefficient of Friction (against stainless steel 0.05 
9 8 lb/sq.Cn.) 

The material is very anisotropic and this is shown by the directional nature of 
the electrical resistances. which are given in Table 11. In this respect, GRAFOIL 
material is similar to pyrolytic graphite. 

Table 11. 

ELECTRICAL RESISTANCE OF ~~GRAPOIL" TAPE 

- Form Surface Plane or Across Surface Plane 'Ratio 
to "all <la" Direction or "c" Direction WC" 

Direct ion 

Tape .00046 ohm-cm 70 ohm-cm 150.000 

Laminate .0008 " 0.4 500 

fie thermal conductivity of GRAFOIL graphite tape in the surface plane or 
direction is similar to that of most graphite materials in that it decreases with 
increasing temperature. Table 111 ehows thermal conductivities at various 
temperatures for a GRAPOIL graphite tape laminate with a density of 70 lbs/cu.ft. 

"a" 
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TABLE 111 

THERMAL CONDUCTIVITY OF 'GRAFOIL" LAMINAl'Jl 

Temperature Sur face  P lane  o r  Across Sur face  Plane 
o r  "c" Di rec t ion  11 , I  a D i r e c t i o n  

70°F 100 BTU/hr . / sq / f t /OF/f t .  3.0 BTU/hr . /sq.f t . /OF/f t .  

900°F 5 0  I 1.8  I t  

1800°F 25 1.7  I, 

II 2 .o 4000°F 11 I 

4500°F 11 I t  

I 

/ Table  I V  shows d a t a  on compress ive  load d e f l e c t i o n  c h a r a c t e r i s t i c s  of  GRAFOIL 
lamina tes  a s  a func t ion  o f  s t a r t i n g  d e n s i t y .  
250 lbs . / sq . in .  
produced a 22.8% d e f l e c t i o n  o f  which 13.6% was permanent set. 
was 7.4% and t h e r e  w a s  no h y s t e r e s i s .  
cub ic  f o o t ,  d e f l e c t i o n s  were 5.5% and t h e  r e s i l i e n c i e s  were 2.6%. 
s e t s  v e r e  2.7% and 2.27.. r e s p e c t i v e l y .  
GRAFOIL meterial t o  be c o l d  worked t o  a h ighe r  d e n s i t y  a t  r e l a t f v e l y  l o w  loads .  
The m a t e r i a l  r e t a i n s  r e s i l i e n c y  at t h e  h ighe r  d e n s i t i e s .  
d e n s i t i e s  a v a i l a b l e ,  material can  be  f a b r i c a t e d  t o  a s p e c i f i e d  low d e f l e c t i o n  
c h a r a c t e r i s t i c  Over a wide range .  
t o  a s p e c i f i c a t i o n  of  67% d e f l e c t i o n  at 11 p s i  load. 

The d a t a  were taken  a t  a load  of 
With a d e n s i t y  o f  43 pounds /cu . f t . ,  a load of  250 l b s . / sq . in .  

The r e s i l i e n c y  
A t  d e n s i t i e s  o f  73 and 90 pounds pe r  

These d a t a  show t h e  a b i l i t y  of t h e  
The permanent 

With t h e  range o f  , 
I n  one i n s t a n c e ,  GRAFOIL lamina tes  were made 

TABLE IV 

C(MPRESS1VE LOAD DEFLECIXON OF "GRAFOIL" LAliINATB 

S t a r t i n g  Densi ty  - D e f l e c t i o n - %  of  Permanent Set-% o f  
1 b s l c u . f t .  O r i g i n a l  Thickness  O r i g i n a l  Thickness  

44 22.8 

73 5.5 

-13.6 

2; 7 

Reef l ience-% 
of 

F i n a l  Thickness 

1.4 

2.6 

2.6 

I -  

90 5.5 2.2 
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A s  GRAFOIL g r a p h i t e  t a p e  is a l l  g r a p h i t e  wi thout  any b i n d e r s ,  its c o r r o s i o n  
and tempera ture  r e s i s t a n c e  are t h o s e  of  g r a p h i t e .  
from t h o s e  o f  c ryogenic  l i q u i d s ,  such as l i q u i d  oxygen, t o  t h o s e  o f  molten meta ls ,  
such  as molten aluminum and steel .  
o t h e r  t h a n  t h o s e  o f  a h i g h l y  o x i d i z i n g  n a t u r e ,  such  as air  above 740°F, h o t  
c o n c e n t r a t e d  n i t r i c  a c i d  and hot  w e t  c h l o r i n e .  
t h e  material has  been used at  tempera tures  up t o  30OO0C. T a b l e  V is a b r i e f  list 
o f  c o r r o s i v e s  t o  which GRAFOIL materials are r e s i s t a n t .  The c o r r o s i o n  r e s i s t a n c e  
a t  h i g h e r  tempera tures  is  i l l u s t r a t e d  by t h e  r e f e r e n c e s  t o  mol ten  c a u s t i c ,  high 
p r e s s u r e  steam and molten aluminum. 

I t  c a n  b e  used a t  tempera tures  

It c a n  b e  used i n  any chemical  environments 

I n  n e u t r a l  and reducing  atmospheres ,  

TABLE V 

CORROSION RESISTANCE OF "GRAFOIL" MATERIAL 

Conc . 
Hydrochlor ic  Acid 
S u l f u r i c  Acid 
Phosphoric  Acid 
Hydrof luor ic  Acid 
N i t r i c  Acid 
C a u s t i c  Soda 
A 1 uminum 
Steam 
C h l o r i n a t e d  Organics  
Organic  Alcohols  
Organic  Esters 
Benzene 
A i r  

APPLICATIONS 

A 1  1 
To 95% 

A l l  
A 1  1 

To 6OX 
A 1  1 - 
- 

A1 1 
A l l  
A 1  1 
A l l  - 

A 1  1 
300°F 
A 1  1 
A 1  1 

7 0% 
75 O°F 

135Oop 
1000°F 
.A1 1 
A l l  
A 1  1 
A l l  
740°F 

Corros ion  and tempera ture  r e s i s t a n c e  combined w i t h  their  r e s i l i e n c e  and 
c o m p r e s s i b i l i t y  make GRAFOIL materials o u t s t a n d i n g  as  g a s k e t s  f o r  f l a n g e  j o i n t s  
and as packings f o r  seals i n  r o t a t i n g  and r e c i p r o c a t i n g  equipment. S p i c a 1  
g a s k e t s  and packings  are s h a m  i n  F i g u r e  11. GRAFOIL t a p e ' s  s e a l i n g  c h a r a c t e r i s t i c s  
are similar t o  t h o s e  o f  r u b b e r - l i k e  materials. N e i t h e r  c o l d  f low nor c r e e p  are 
exper ienced  w i t h  t h e  material and no s p e c i a l  f l a n g e  face c o n d i t i o n s  are r e q u i r e d .  
T a b l e  VI shows a p p l i c a t i o n s  i n  which GRAFOIL g a s k e t s  g i v e  e x c e l l e n t  s e r v i c e .  
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TABLE V I  

'GRAFOIL" GASKET APPLICATIONS 

Chemica 1 Env i r o n s e n t  Temperature-OF 

Molten Aluminum 1350 
Molten P o l y e s t e r  Res i n s  600 
Dowtherm 660 
Anhydrous Hydrogen F l u o r i d e  660  
Molten Caus t ic  650 
Anhydrous Hydrogen Chlor ide  1000 
Steam 490 
Hydrogen Chlor ide  ;Chlor ine  ; Organics  100 
C h l o r i n e  p l u s  Organics 650 
Ti tan ium T e t r a c h l o r i d e  1800 
C h l o r i n a t e d  Hydrocarbons 212 

Pressure-Lbs/Sq.In.  

5000 
6000 

80 
5 0  
25 

Atmospheric 
600 , 

25 
10 
10 

200 

Of even g r e a t e r  importance t o  t h e  Chemical Process  I n d u s t r i e s  is t h e  u s e  of 
GRAFOIL packings i n  pumps, v a l v e s ,  mixers ,  e t c .  To t a k e  advantage  of  t h e  
m a t e r i a l ' s  d i r e c t i o n a l  thermal  c o n d u c t i v i t y ,  t h e  packing is f a b r i c a t e d  w i t h  t h e  
h i g h  'a" d i r e c t i o n  thermal  c o n d u c t i v i t y  p e r p e n d i c u l a r  t o  t h e  s h a f t  s o  t h a t  
f r i c t i o n a l  h e a t  developed i n  t h e  s t u f f i n g  box is t r a n s m i t t e d  r a p i d l y  away from 
t h e  s h a f t ,  p revent ing  o v e r h e a t i n g  and p o s s i b l e  impairment o f  t h e  s t r e n g t h  and 
c o r r o s i o n  r e s i s t a n c e  o f  t h e  s h a f t .  Conversely i f  t h e  s t u f f i n g  box must b e  hea ted ,  
GRAFOIL packing w i l l  r a p i d l y  conduct  t h e  h e a t  throughout  t h e  bok. A s  t h e r e  are 
no b i n d e r s  or a d d i t i v e s  i n  GRAFOIL packing ,  thermal  breakdown, chemica l  a t t a c k ,  
l e a c h i n g  o r  squeezing o u t  of  a d d i t i v e s  commonly used i n  o t h e r  t y p e s  of  packings  
can  not  degrade  performance.  GRAFOIL packing is s e l f - l u b r i c a t i n g ,  has  a low 
c o e f f i c i e n t  of  f r i c t i o n  and p r e v e n t s  s h a f t ,  s t e m  o r  p lunger  s c o r i n g .  

F i g u r e I I I l l l u s t r a t e s  equipment i n  which GRAFOIL packing is g i v i n g  ex tened  packing 
l i f e  wi thout  s h a f t  damage i n  a wide v a r i e t y  of  c o r r o s i v e  environments .  Table  V I 1  
l i s ts  some o f  t h e  r e s u l t s  o b t a i n e d  i n  commercial i n s t a l l a t i o n s  of GRAFOIL packing. 

TABLE VI1 

"GRAFOIL ' PACKING APPLICATIONS 

Equipment Corros ive  Temp. -OF P r e s s u r e - l b l s q .  i n .  

Plunger  Pump Acid Water 200 1,500 

Plunger  Pump Organics  70 2,500 

C e n t r i f u g a l  Pump Organics  100 80 

50 

Comments 

L i f e  up 50 times. 
No s c o r i n g .  

L i f e  up 10 times. 
No l u b r i c a t i o n  requi red .  1 

Out-performed 
mechanical  seal;  leak-  
f r e e  o p e r a t i o n  

L i f e  up 12 t i m e s .  
No s c o r i n g .  

< 



Equipment 

Centrifugal P u p  

Control Valve 

Control Valve 

Pressure Control 
Valve 

/ 
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TABLE VI1 (Continued) 

"GRAFOIL" PACKING APPLICATIONS 

Corrosive Temp. -OF Pressure-lb/sq.in. Connnents 

Mobiltherm-600 400 

Chlorinated 35 0 
Organics 

50 No leakage after 
6 months. 

100 Life up 9 times. 
No scoring. 

Dovtherm 660 80: Life 'up 4 times. 

Steam 490 600 Life up 3 times. 

Other uses of GRAFOIL tape take advantage of its flexibility together vith its 
electrical conductivity, its chemical inertness and its low thermal conductivity 
in the "c" direction at extremely high temperatures. Thin film batteries 
designed for high power outputs use GRAFOIL tape as internal conductors and anodes. 
GRAFOIL is an excellent separator in multiple hot pressing of refractory metal 
compounds and ceramic items since its laminar codstruction allows easy separation 
of adjacent pressed parts. 

The low "c" direction thermal conductivity and dimensional stability at extremely 
high temperatures of GRAFOSL materials are being put t o  use in insulating barriers 
used in missiles, nuclear reactors, and high temperature vacuum furnaces. GRAFOIL 
tapes cut into narrow strips are used as electric resistance heating elements. 
Research and development laboratories throughout the country stock GRAE'OIL tape for 
uae in high temperature experimental work. 

In conclusion, GRAFOIL tape is a unique form of graphite. Properties such as 
directional thermal and electrical conductivities, excellent corrosion resistance, 
low permeability and temperature stability are available in a thin, flexible, 
compressible, easily fabricated form for a vide range of demanding chemical, 
metallurgical, nuclear and aerospace uses. 



LAMINATE 

FIGURE I 

FOAM 

- 

MOLDED RING 



101. 

FIGURE II 
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FIGURE 111 

PRESSURE REDUCING VALVE 
/ 

HAND 
VALVES 

i 


